In this work we characterized a X-ray position sensitive gaseous detector based in a triple stack of gas electron multipliers (GEM). The readout circuit is divided in 256 strips for each dimension and using a resistive chain interconnecting the strips, we are able to reconstruct the radiation interaction points by resistive charge division. The detector achieved gains above 10 4 , energy resolution of 15.28 % (FWHM) for 5.9 keV X-rays, and position resolution of 1.2 mm, while operating in Ar/CO 2 (90/10) at atmospheric pressure.
Introduction
X-ray fluorescence is an important technique on elemental analysis whenever a non-invasive and non-destructive method is required. New detectors that are able not only to identify material composition, but also their spatial distribution, improve this technique that can be applied on cultural heritage studies, archaeology and geology. This requires the ability to determine the position of interaction, while measuring the X-ray energy deposited in the detector.
The Gas Electron Multiplier (GEM) is a proportional counter, introduced in 1997 [1, 2] . This Micropattern Gaseous Detector (MPGD) is composed of 50 µm thick kapton foil coated on both sides with example [3] - [6] ). It is possible to use such technology not only to detect charged particles on these experiments but also γ and X-ray radiation making these detectors good candidates for full-field XRF imaging [7] . It is well known that the energy resolution of gaseous detectors has limitations when compared to solid state detectors, due to the smaller number of electrons produced in each interaction, leading to higher statistical fluctuations in the primary cloud. Discussions about this are abundant in the literature and can be found, for example in [8] .
However, gaseous detectors become an interesting tool when large areas must be studied, without the need of sample scans thanks to the simultaneous measurement of the position of the radiation interaction and its energy over areas of hundreds of cm 2 .
Experimental setup
The detector consists on a cascade of GEMs immersed in a mixture of Ar/CO 2 (90/10) at atmospheric pressure. Two different geometries were used in this study: a cascade of two GEM foils with a pitch of 140 µm between the holes (this is the standard -S -pitch); and a cascade of three GEM foils, where the first GEM (the one on the top) had a pitch of 90 µm (the small pitch -SP -GEM). The final triple-GEM geometry can be seen in figure 1 , where the dimensions and typical electric fields and voltages are also depicted. The total active area of the detector is 10 × 10 cm 2 .
The detector window is a 50 µm kapton foil and the cathode is the same type of foil, but coated with a 5 µm thick copper layer. The space between the two surfaces is around 5 mm. These materials were 
where: • l is the length/width of the detector and
• A is given either by the sum of the amplitudes of all four channels, or by the amplitude of the signal collected from the bottom electrode of the last GEM.
The signal from the bottom electrode of the GEM also served as the global trigger of the electronic system.
The resistive chains were composed of SMD resistors on a printed circuit board designed to interconnect all the readout strips when plugged to the standard 128-pin connectors of the readout board.
The charge collected from each electronic channel is integrated by a standard charge sensitive preamplifier and shaped by a shaping amplifier. After application of simple logic, it is sampled by a 12 bit ADC. All the electronic devices are standard off-the-shelf nuclear instrumentation modules. As X-ray source we are using the Amptek Mini-X with a silver target, operating at a high voltage of typically 15 kV and current around 15 µA. This results in an energy distribution in the detector between around 2 keV and 15 keV. The low energy limit is due to the detector window and cathode, which result in 100 µm thickness kapton and to the amount of air between the X-ray source and the detector. At the higher energies, the absorption efficiency of the 8 mm thick absorption layer makes the detected spectrum drop sharply for higher energies. The X-ray spectrum as collected in the detector has a maximum intensity at around 7 keV.
We are also using a 55 Fe radioactive source, which decays into manganese by electron capture emitting 5.9 keV (K α ) and 6.4 keV (K β ) characteristic X-rays (with relative probabilities of 100 and 20, respectively) [9] for energy calibration and to calculate energy resolution. In general, the counting rates for these measurements were kept at around A framework for data processing, image reconstruction and analysis was developed using ROOT [10] and other C++ libraries.
Results
The detector energy calibration and characteri- To study the deviation of the energy resolution across the detector's effective area, the whole detector was irradiated using the 55 Fe source and in the analyses, the total area was divided into 225
squares. For each one of these regions, the en- As an imaging system, the detector was char- Although this double slit method is good to mea- To use this method, a square opening of 2.5 × 2.5 cm 2 was imaged. The two edges at known distance were used to calibrate the image, as seen in fig. 7 and the one inside of the green rectangle was used as the ESF as shown in fig. 8 . In figure 9 , the normalized contrast measured directly from the resolution pattern was also plotted for the total energy spectrum and the energy interval from 8 to 9 keV. The contrast in each group of slits was determined by subtracting the average of the valleys from the average of the peaks and dividing by their sum, according to Michelson [14] . The determination of the MTF from the edge spread function seems to underestimate the performance of the detector for larger objects. The contrast for the energy range from 8 to 9 keV is higher because it is the optimal range of the detector (see discussion below). 
Discussion
The performance of this type of detector as imaging system, when using the resistive charge division varies throughout the energy spectrum. There are two factors that influence the position resolution: the signal-to-noise ratio (SNR) and the photoelectron range. While the SNR becomes more im- (green squares). The difference for a thickness of 8 mm is very small given the photoelectron range at these energies, which is much smaller than the detector. The position resolution of the y-coordinate is also shown. It is poorer due to the higher noise in these electronic channels, as explained before. 
Conclusion and Future Work
A triple-GEM X-ray detector has been tested for imaging purposes with resistive charge division using five electronic channels. It achieves a gain in charge well above 10 4 , which results in an energy resolution of 15.28 % for 5.9 keV X-rays and position resolution around 1.2 mm for energies between 8 and 9 keV.
By increasing the detector gain in charge, working at higher potentials across the GEM plates, better position resolution could be achieved at lower energies, but this would also increase the discharge probability.
The system performance was described in transmission mode, but the plan is to make fluorescence imaging in the future using a pinhole. Deeper stud- chip is able to sample data from 32 different channels, which means that 8 chips will be enough to read discrete data from all the 512 readout strips, dramatically increasing the counting rate of the imaging system, while also improving the position resolution for lower energies.
